mm. This indicates that the growth rate of males is slower than that of females. Significant differences between strains were found at each age. The S3 strain, which was an isolate of the S strain, displayed a significant difference in growth rate fom the S strain. The T1 strain, which was an isolate of the T strain, also displayed a significant difference in growth rate from the T strain. These results suggest that genetic variation for the growth rate exists within strains and that the genes fluctuate due to genetic drift.
To estimate the proportion of genetic determina tion for growth at each age, the heritability was calculated by standard analysis-of-variance techni ques. The results are presented in Fig. 2 . From a comparison between 8 strains for body length, the heritability was 0.424 at Day 0, 0.063 at Day 15, 0.71 at Day 30 and 0.227 at Day 45. After sexual differentiation (Day 60), the profiles of heritability with age followed different patterns between females and males. With respect to female body length from Day 45 to Day 180, the heritability ranged between 0.198 and 0.368 with an average of 0.290, indicating the stable level.
On the other hand, the heritability from Day 60 to Day 180 in males ranged between 0.667 and 0.799 with an average of 0.744, this stable level being higher than in females.
Discussion
Genotype-environmental interaction can be an important factor in analysis of quantative character such as growth. Moav et al.13) found evidence that the environmental interaction was significantly large for the growth rate in carp. Klupp et al.14) reported a high genetic correlation of 0.67 between growth in ponds for 3 strains of rainbow tout. This must be interpreted with caution, as the assumption of no environmental differences between ponds could give rise to the apparent interaction involved.
Estimations of heritability are available from strain comparison. However, the values of such estimates depend on the following factors. (1) The genetic models employed assumed a simple additive relationship between genetic and en vironmental effects. The epistatic and dominance effects are involved in the estimation. Most sources of bias cause overestimation of heritability values. But in the same population, the relative values for heritability indicate the change of genetic influence with age.
The changes of heritability with age suggest three different genetic controls in three stages for the growth curve ( Fig. 3 ). They are maternal genotypic effects on body size at birth, growth gene at the growing stage, and an inhibitory gene influencing final body size. Heritability at birth indicates maternal genotypic effects. When the offspring size which depends on the female body size is larger, the body size at birth is smaller. Low heritability (0.054) obtained at Day 15 and 30 is interpreted by the offset between maternal genotypic effects and the expression of growth genes. The heritability (0.290) obtained from Day 45 to Day 180 in females indicates the variation of growth genes due to the growth rate of the guppy. This prediction was supported by the estimation obtained from Day 45 and 60 in males. Kinghornl) has reported in his review that the heritability of gowth appears to average approximately 20% in rainbow trout and 30% in Atlantic salmon. The present estimation is at a similar level to these. High heritability (0.744) obtained from Day 60 to Day 180 in males suggests the existence of and inhibitoy gene due to the final body size of males.
